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Abstract 
The paper presents the answer to the question how pedalling on a specific recumbent bicycle, such as the VeloX3, 
influences a cyclist’s ability to steer the bicycle. The research aims to find the correlation between pedalling and the 
undesired steering movements it creates. To test this assumption a test setup was constructed. On this setup cyclists 
were asked to perform in a high intensity Wingate test. A load-cell was used to measure the amount of force exerted 
by the cyclist on the handlebar while cycling. An ergometer integrated in the setup was used to measure power output 
and cadence of the cyclist. When comparing the cadence results with the oscillation of the measured forces on the 
load-cell, a distinct coherence was noticed. The forces measured have magnitudes reaching up to 400N. The 
combination of the oscillations due to pedalling and the magnitude of the forces will result in disturbances of the 
steering behaviour on a recumbent bicycle. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Centre for Sports Engineering Research, Sheffield Hallam 
University. 
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1. Introduction 
In 2013, the Human Power Team Delft (hptdelft.nl, 2012) built the VeloX3 (Fig 1a), a streamlined 
recumbent bicycle. It is the current world record holder at a speed of 133.78 km/h. During a high-speed 
run, the VeloX3 can be seen swerving from side to side (Human Power Team Delft, 2013). This swerving 
motion is undesirable, since it causes unnecessary energy loss, by increasing the total travelled distance. 
Unlike on normal (recumbent) bicycles, the cyclist is constrained of upper body movement in the 
VeloX3. This influences the cycling dynamics and discards any advantages the cyclist could have had due 
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to the rolling and yawing motion of the bicycle. So in this particular case minimizing swerving could lead 
to an overall performance gain.  
 
Since the forces on the pedals lie in the same direction as those to move the handlebars, it is possible 
they cause the undesired steering motions, resulting in the swerving of the VeloX3 (Hoes et al.,1968). 
The fact that pedalling influences steering behaviour might seem trivial. However, steering behaviour is 
influenced by a number of other factors occurring simultaneously; i.e. the rider’s exhaustion or wind 
gusts.  
 
In this paper the influence of pedalling is quantified by measuring the forces exerted on the handlebar, 
specifically when pedalling at high output power.  When the cyclist is pedalling at maximum capacity, he 
is exerting large forces on the pedals (Hoes et al.,1968) and (Papadopoulos, 1987). 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         
2. Experimental method  
To investigate the unwanted movement of the handlebars, the forces on a fixed steering setup were 
measured. These forces would have otherwise resulted in the rotation of the handlebars, since the 
direction of these forces are the same as the direction of the rotation of the handlebars. We expect that the 
measured forces will be slightly bigger than in reality, because the test setup is a static construction fixed 
to the ground. This does not influence the significance of these measured forces. The presence of these 
forces is of greater importance for this research than the exact magnitudes. 
 To quantify the forces exerted on the handlebar, an existing training set up built by the Human Power 
Team (Figure 1b) was modified and equipped with a loadcell. The loadcells’ results have been compared 
with the ergometers’ angular position to examine the correlation of cadence of the pedalling and the 
forces measured on the handlebar.  
 
Subjects (n=2) were unaware that the forces on the handlebar were being measured. Both subjects had 
experience on the testing set up build by the Human Power Team and were asked to perform as they 
would normally. They were put through a 30-second Wingate test (Vandewalle et al., 1987), in which the 
cyclists’ peak power output is measured. A Wingate test was chosen because its intensity resembles the 
cycling conditions during the record attempts. The subjects warm up by pedalling at 100 Watt for 60 
seconds. Next, the Wingate test starts and the cyclist starts to pedal at maximum capacity for 30 seconds 
at a constant workload. 
Fig. 1.(a) VeloX3; (b) Test setup 
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Fig. 2.(b) The test setup with load cell.(c) The total system overview 
3. Test setup 
To accommodate the load-cell, an add-on to the existing setup was built. An overview of this setup 
can be seen in figure 2a and 2b. The handlebar only has one degree of freedom: pivoting around the z-
axis. A systematic overview of the entire setup is shown in figure 2b.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The forces on the load cell are directly related to the forces on the handlebar. The free body diagram 
(Fig. 3) and equilibrium equation (Equation 1) show the simplified relation between the cyclist pulling or 
pushing on the handlebar and the reaction force on the load cell. The effect of the force on the y-axle is 
negligible, since its moment arm is very small compared to that of the other forces. So for simplification: 
Fl,y = Fr,y = 0N. 
Fig. 2.(a) Schematic view test setup 
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σܨ௫՜ = െܨ௟,௫ െ ܨ௥,௫ + ܨ଴,௫ = 0 
    ȭܨ௬՛ = ܨ௟௢௔ௗି௖௘௟௟ + ܨ଴,௬ = 0       (1) 
ȭܯ଴ք = 0.15 כ ܨ௟,௫ െ 0.15 כ ܨ௥,௫ + 0.15 כ ܨ௟௢௔ௗ௖௘௟௟ = 0 
ܨ௟௢௔ௗ௖௘௟௟ = ܨ௥,௫ െ ܨ௟,௫ 
 
Eq. 1 shows the relationship between the forces exerted on the handlebar and the forces acting on the 
load-cell. As can be seen in the last equation, a net positive force will occur on the load-cell, if ۴ܚ,ܠ is 
larger than ۴ܔ,ܠ . From this point forward only the net force on the load-cell will be discussed. The 
presence of this net force shows that there would have been rotation of the handlebars in a not fixed 
bicycle. Because of the properties of the load-cell, its output in voltage has a linear gradient of 0-6Volts 
for a corresponding force change of 0-2000N. The load-cells’ output was sampled at a rate of 10.000 Hz, 
by a Native Instruments USB-6008 DAQ module (National Instruments, 2009). This data was fed through 
Labview (National Instruments, 2009), at a sampling frequency of 10 Hz, at this sampling frequency the 
Nyquist-Shannon sampling theorem (Vandewalle et al., 1987) holds. 
4. Experimental results 
Fig. 4.(b): Force on the load cell over time 
Fig. 3. Free body diagram (top view of the test setup 
Fig. 4.(a): Crankshaft frequency over time 
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In figure 4a, Hz of the crankshaft can be seen the increase when the Wingate starts at the 60 second 
mark, and decrease at the 90 second mark, when it is finished. The angular velocity decreases 
dramatically, because of the nature of the Wingate test.  
 
The forces measured in figure 4b can be seen increasing at the 60 second mark, when the Wingate test 
starts. The forces peak at 400N and 200N for subject 1 and 2 respectively, and average out at 93N and 
62N respectively during the 30 second Wingate test. Figure 4c zooms in on Graph 1, so the oscillations in 
the forces can be seen in higher detail.  
 
 
5. Conclusion 
As can be seen in figure 4c, at around 62 seconds, the force on the load-cell goes through 2,5 
oscillations every second, or 2,5 Hz. When we compared this to the frequency of the crankshaft in figure 
4b at 62 seconds, this corresponds with the same frequency of approximately 2,5Hz. So this means the 
forces on the load cell oscillate at the same frequency as the cyclist pedals.  
This research shows that there is a relation between the pedalling motion of a recumbent cyclist and 
steering motion. To define the strength of this relation and the quantity of unwanted motion of the cyclist, 
further research is recommended. 
 
6. Discussion 
The results show a direct correlation between the forces on the handlebar and the cadence at which the 
cyclist pedals. So it can be assumed that the pedalling motion of the cyclist mainly cause the forces on the 
handlebar. The average magnitude of these forces is around 63 and 93 Newton. 
One can imagine that these forces strongly influence the steering behavior of the bicycle. A real life 
example is carrying a shopping bag on one end of a handlebar when cycling, this is not beneficial for the 
steering behavior. In this situation, the load of the shopping bag switches from one side of the handlebar 
to the other, at the same frequency as the cyclist pedals. 
Fig. 4.(c): Detailed view of the force measured by the load cell 
Fig 4.(a): Crankshaft's frequency over time 
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7. Recommendations 
 
In general, this research was conducted mainly to address the phenomena of undesired steering due to 
pedalling; the aim was not to supply a solution. The results may have certain inaccuracies; they depend on 
the perturbations in the construction of the test setup and the accuracy of the data acquisition system. The 
perturbations are caused by friction in the pivot and by the test setup’s finite stiffness, which allows for 
small, undesired movements. These perturbations can reduce, but never increase the forces on the load 
cell; therefor the results will still be significant. Furthermore, results showed that the amount of undesired 
steering is high enough for this issue to be reckoned with. Follow-up studies should investigate whether 
the steering motion due to pedalling has an effect on the overall performance. The difference in overall 
performance between setups with a free or a fixated handlebar should also be investigated, since it is 
likely that the cyclist is better able to direct forces into the pedals when the handlebar is fixated. 
Measuring overall power output between the two different setups is a way to determine this, but since 
power output depends on a lot of different factors, many runs have to be done before a conclusive result 
may arise. It is also recommended to implement minor changes in the test setup to investigate 
performances of cyclists on a non-fixated test set up to obtain results that are generally applicable, for 
example performances on ordinary bicycles and ordinary recumbent bicycles.  
 As a general recommendation: in Labview a refresh frequency of 10 Hz was used, a faster refresh rate 
will improve the quality of the data.  
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